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Abstract 
In order to effectively attract commuters from private car to public transit, this paper aimed to find out the target population 
and the attributes of public transit which needs improvement. The research was based on a survey of private car commuters in 
Shanghai. The survey covered perceptions of public transit and private car service performance, the importance degree of trip 
attributes, and private car commuters  intention to switch to public transit. The findings indicate that the target population is 
female and short distance commuters, because female and short distance private car commuters have lower trip demand and 
are more likely to switch to public transit. The analysis of Difference-Importance shows that public transit attributes of 
comfort and timeliness require improvement, and the measures strengthening public transit s comfort level should be taken 
first. 
© 2013 The Authors. Published by Elsevier B.V.  
Selection and/or peer-review under responsibility of Chinese Overseas Transportation Association (COTA). 
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1. Introduction 
With traffic congestion increase in urban areas, considering how to switch private car to public transit for 
travelers and increase transit share becomes more and more important (Ory et al. 2004). The biggest competitor 
performances of public transit and private car. 
What attributes could be used to evaluate service performances of public transit and private car? Transit 
service performance could be evaluated by many attributes, for example, accessibility, reliability, frequency, 
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travel time, cost, comfort level, security, network coverage and cleanliness (Hensher, Stopher, & Bullock 2003; 
TRB 2003; Ohnmacht & Scherer 2010; Tyrinopoulos & Antoniou ,2008). Among these attributes, reliability, cost, 
convenience and travel time are the most important (Stradling, Meadows, & Beatty 2000; Kingham, Dickinson, 
&Copsey 2001). In terms of private car, many studies suggest that monetary costs, freedom, travel time, comfort, 
availability and reliability are its main evaluation attributes. In addition, cost and travel time are deemed as the 
most important attributes (Gärling et al. 2002; Steg, Geurs, & Ras 2002; Li, et al. 2010; Hagman 2003). Other 
simultaneously measure the service performances of transit and private car, for example, comfort level, timeliness, 
reliability, convenience, relaxation, cost and security. 
 
so is the impor
timeliness and fares are higher than that on other attributes (Wibowo & Chalermpong, 2008). Furthermore, transit 
venience, travel time and reliability of public transit 
(Loukopoulos,et al. 2004), and they prefer shorter travel time to low fares and comfort (Ohnmacht & Scherer 
ults could be used to 
retain customers but not to attract other new customers, especially those commuters by private cars. 
 
attribute of public transit is not good enough and needs improvement. However, it is not practical for transit to 
simultaneously improve all attributes which are not good enough, especially when funds are limited or travelers 
do not think this attribute is important. 
that it needs improvement due to its good status. Hence, it is a question what attributes need urgently to be 
improved if transit agencies intend to let travelers switch private car to public transit. The question depends on 
 
 
Researchers have proved that gender and commuting time would have impact on commuting mode choice 
(Limtanakool, Dijst & Schwanen 2006; Schwanen, Dieleman & Dijst 2004; Zhou, et al. 2007). For instance, 
women are less likely to drive an automobile to work than men, and all travelers are more likely to refuse to use 
transit and increase the probability of driving when the commuting distance increases beyond three or four miles. 
However, would women or short-distance commuters using private car be more willing to change their current 
commuting mode to public transit? The answer is not given by other researches yet. However, this question is 
important because it can help transit agencies make right policies which attract more people to switch to transit. 
 
should be answered: (1) the perceptions of public transit service performance; (2) the perceptions of private car 
to switch to public transit was also included in the questionnaires in order to determine the target population. 
 
tra
the target population, and then employed a Difference-Importance analysis method to find out which public 
nt. Fourthly, conclusions were drawn, which were followed by 
acknowledgements. 
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2. SURVEY 
2.1. Background Information 
Recent studies indicated that automotive population would reach no less than 269 million in 2030 in China, 
and the predicted average annual growth rate was 9.6% that was far larger than other countries (Huo , Wang , 
Johnson , & He 2007; Hao, Wang, & Yi 2011). The automobile development in Chinese cities, such as public 
transit and private mobility in Shanghai, is ahead of the majority of cities in China. 
 
Public transit system of Shanghai is outstanding and consists of bus, rail transit and taxi. The bus system in 
Shanghai is one of the most advanced systems in China. At the end of 2009, bus system operated 16,000 buses 
and 38,000 bus stations with 86% ground area coverage (within 500m of catchment). At the same time, the transit 
rail system is the best in China (National Bureau of statistics of China 2011). The scale of rail transit is 355 
kilometers long and has 11 lines with 225 railway stations with an average distance of 1.52 kilometers between 
rail stations. Bus s and transit rail s shares in Shanghai had increased significantly (5.2%) from 1995 to 2009. At 
present, many cities are building a better public transit system following the example of Shanghai. 
 
On the other hand, the increase rate of private mobility s share (12.1%) is much higher than those of bus and 
transit rail s share(5.2%). Private car is the main driving force for Shanghai s automotive population growth, 
which accounted for 55.8% of total vehicle population growth from 2002 to 2011 (National Bureau of statistics 
of China 2002-2011). Income and population density are the main driving force for car ownership growth 
(Dargay , Gately, & Sommer 2007), and Shanghai s Disposable Income Per Capita along with population density 
is in the top rank of China(National Bureau of statistics of China 2011). Hence, the number of private cars in 
Shanghai will largely increase in the future (Hao et al., 2011). Among all trip purposes in Shanghai, work-
commuting travel accounts for 40.9% which ranks first (Shanghai Municipal Urban and Rural Construction and 
Transportation Commission 2010). Accordingly, private car commuters are the main population which transit 
should attract in Shanghai. If Shanghai further improves its public transit share by switching private car to transit 
by commuters, this will set an example for other cities. 
2.2. Survey Content 
Since taxi is not green and energy-saving as buses or rail transit, the questionnaires on public transit only 
referred to buses or rail transit, and the respondents can totally understand this. The questionnaires covered five 
sections with 31 questions. The first section was private car commuters  satisfaction on public transit. The second 
section investigated their satisfaction on private car. The third section was about the attributes  importance 
degrees during commuting. The fourth section asked about private car commuters  intentions to switch to transit, 
and the final section collected general demographic information. 
 
Seven attributes, which are comfort level, timeliness, reliability, convenience, relaxation, cost, and security, 
were used to measure commuters  satisfaction on the service performances of public transit and private car. 
Responders valued the same seven attributes  importance degree, and if an attribute receives a higher score, 
commuter s demand on this attribute is higher. Respondents  satisfaction rating and attributes  importance degree 
were based on a  were represented as 1 to 5. 
 
Acceptability, willingness, consideration and transferability were proposed to evaluate respondents  intentions 
to switch to transit. The accurate statements are shown in Table 1. All ratings used the following 5 points Likert 
S . The 5-point-
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based Likert data were treated continuously in this study, because the intervals between points were 
approximately equal, and the rating could be treated continuous when the Likert scale has 5 points or more (Yu 
1989; Morgan, Leech, Gloechner,& Barrett, 2004). 
Table 1 Statement of Intention 
Intention Statement 
Acceptability Commuting by transit is highly acceptable 
Willingness Be highly willing to commute by transit 
Consideration Considering about commuting by transit very regularly 
Transferability Switching the commute mode from private car to transit is very easy  
2.3. Data Collection 
The data were obtained from a self-administered survey between January 5th and January 12th in 2012 in 
parking lots at workplaces and residential areas. 460 private car commuters took part in this survey, and 460 
questionnaires were previously retained for further analysis. After the data of cases, including missing, blurred 
and repeated data on important variables to the present study (55 observations), and obviously contradictory data 
in two closely-related items (11 observations) were cleaned, a total of 394 effective observations were used in the 
analysis with an effective recovery rate of 85.65%. 
 
Table 2 shows the results of reliability and validity. The lowest Cronbach s coefficient alpha and KMO values 
are 0.721 and 0.718 respectively, and Bartlett s test value is 453.851 (p=0.000). These analysis results indicate 
that the reliability and validity of the study are sufficient (Robert& DeVellis, 1991). 
Table 2 Reliability and Validity of Survey 
Dimensions Alpha value KMO value  df p-value 
Satisfaction on public transit 0.791 0.802 547.095 21 0.000 
Satisfaction on private car 0.721 0.764 453.851 21 0.000 
Importance of attributes 0.820 0.822 987.812 21 0.000 
Intention  0.890 0.810 638.324 6 0.000 
2.4. Sample Characteristics 
Table 3 shows the sample characteristics of survey. 50.3% of the respondents were female, 56.9% fell into the 
26 to 40-year-old age group, and 54.3% were employees. 16% responders  family have owned no less than 2 cars. 
Commuting time was given in accurate date by the responders, and this study classified commuting time into 
three categories, which were 0-30, 31-60 and above 60 minutes. The average one-way commuting time is 40.3 
minutes, and it is slightly lower than the average commuting time by all modes in Shanghai (47 minutes) 
(Chinese Academy of Sciences 2010), revealing that trips by private cars take shorter time. 
 
If private car commuters switch to transit, 66.8% would choose rail transit as the main public transit mode. 
This data are skewed toward rail transit compared to Shanghai commuters transit modes  shares (rail transit, 
33.0%; bus 67.0%) in 2009 (Shanghai Municipal Urban and Rural Construction and Transportation Commission 
2010). There is a gap between intention and reality owing to the limited rail transit coverage. But this reflects 
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travelers  preference to rail transit, because it has an advantage over other congested modes during peak time 
(Kingham et.al. 2011). 
Table 3 Sample Characteristics of Survey 
Items Categories Effective percentage 
Gender 
male 49.7% 
female 50.3% 
Age(year-old)*1 
18-25 25.1% 
26-40 56.9% 
 >40 18.0% 
Education   
 Junior diploma or under 2.3% 
 High school diploma 4.8% 
 College diploma 32.2% 
 Bachelor Degree 38.6% 
 Graduate degree and above 22.1% 
Monthly income*2   
 Less than 2,000 3.3%
 2,000 to 4,000 9.6%
 4,000 to 6,000 15.0%
 6,000 to 10,000 44.9%
 Above 10,000 27.2%
Occupation 
Non-resident worker 2.6% 
Employee 54.3% 
Manager 16.9% 
Businessman 8.7% 
Teacher 5.5% 
others 11.9% 
Car ownership 
1 84.0% 
2 or more 16.0% 
Commuting time (min) 
0-30 48.7% 
31-60 42.0% 
>60 9.3% 
Alternative transit mode 
Bus transit 33.2% 
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Rail transit 66.8%
*1 The one under 18-year-old cannot get the driving license in China
*2 1$ = 6.3 in 2012
3. DESCRIPTIVE ANALYSIS
3.1. Satisfaction
Figure 1 shows private car commuters satisfaction on service performances of public transit and private car.
The average values of satisfaction on these two transportation systems are almost the same, that is, public transit
value is 3.18 and private car value is 3.20. However, responders attitudes to some attributes are obviously
different, for instance, comfort level and relaxation. With comfort level, the service of private car is deemed the
best, and service provided by public transit is deemed the worst though it is also comfort. In terms of relaxation,
satisfaction degree on public transit is the highest and satisfaction degree on private car is the lowest.
Figure 1 Satisfaction on Public Transit and Private Car
Paired sample test is showed in Table 4. The study finds that the differences among reliability, convenience
and security are not significant. On the other hand, the satisfaction differences of comfort, time, relaxation and
cost between these two systems are significant and the order of absolute differences is relaxation (0.94), comfort 
(0.93), timeliness (0.39) and cost (0.33). Among these four attributes, relaxation and cost of transit are better than
those of private car, but private car commuters think public transit is not as comfort and timeliness as private car.
Table 4 Paired Sample Test with satisfaction
Attributes Comfort Timeliness Reliability Convenience Relaxation Cost Security
Mean 0.93 0.38 0.08 0.07 -0.94 -0.33 -0.08
SD 1.641 1.879 1.560 1.258 1.598 1.805 1.390
t 11.178 4.076 1.131 1.138 -11.634 -3.600 -1.069
sig.
( bilateral) 0.000 0.000 0.259 0.256 0.000 0.000 0.286
Importance
The importance degree reflects commuters demand degree. Table 5 shows the sequence of importance
degrees: convenience, timeliness, reliability, security, comfort, relaxation and cost. The generality of these results 
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are implied by the facts that they are in line with previous research findings from other countries (Hagman 2003; 
Ohnmacht & Scherer 2010; Loukopoulos,et al. 2004). 
 
By taking the satisfaction and importance degree into consideration, we can explain why private car 
commuters choose private car. From the analyses on satisfaction, the study finds that private car commuters deem 
convenience (ranked as the first important one), reliability (ranked as the third) and security (ranked as the fourth) 
do not have a significant difference, but private car could provide shorter time (ranked as the second) and is a 
more comfortable travel (ranked as the fifth). However, public transit could only provide more relaxation and 
cheaper cost which ranks the last. Because private car provides better attributes that commuters deem more 
important, private car commuters are willing to choose cars. 
Table 5 Importance Degree of Attributes during Commuting 
Importance Comfort Timeliness Reliability Convenience Relaxation Cost Security 
Mean 3.90 4.39 4.30 4.47 3.69 3.38 4.24 
SD 1.006 0.970 0.918 0.868 1.019 1.170 1.033 
3.3. Intention 
Under the premise that transit is available, when switching to transit, commuters would firstly think about 
whether the service of transit is acceptable, and then if they are willing to accept this transit. Subsequently, 
commuters begin to consider how about trying taking transit?  sometimes, and would transferring bring about 
problems?  or Is it hard for me to switch to transit?  This study adopted four items to measure the four stages 
above that are acceptability, willingness, consideration and transferability. The statistics are showed in Table 6. 
Table 6 Descriptive Statistics of Intentions 
Intention Acceptability Willingness Consideration Transferability  
Mean 4.06 3.77 3.73 3.62 
SD* 0.792 0.852 1.073 0.913 
*SD represents Standard Deviation 
It is lucky that commuters don t reject to take transit. Transferability is the least attribute, but it s significantly 
above 3 (neutral), representing that commuters are easy to switch to transit, so transit improvement would be 
valued. However, the degrees of acceptability, willingness and consideration are all higher than that of 
transferability. This means that some private car commuters do think public transit is good enough, but they 
would not transfer to public transit. 
4. METHODOLOGICAL APPLICATION 
4.1. Target Population 
Gender is a basic character of a person, while commuting time is a major attribute of a travel. Hence, this 
study analyzed the target population from these two aspects. The results are shown in Figure 2. 
 Gender 
The average importance degree of female is lower than that of male by 0.16, especially the attributes of 
relaxation (0.44), comfort level (0.30) and reliability (0.25), and the only attribute that females consider more 
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consideration is 11.6% higher than males. Consequently, females are more likely to change their present 
commuter modes to transit compared to males. 
 Commuting Time 
The average importance is larger when commuting time is longer. The importance degree of costs of long 
distance (above 60min) commutes rises by 2.47 compared to that of short distance (less than 30min). This is 
consistent with Shanghai s situation: when time increases, the travel fee increases significantly especially for 
private car (a number of long distance highways charge for road-tolls). The importance of timeliness also 
increases by 0.82 and timeliness is deemed as the most important attribute from the aspect of long distance 
commuters. Furthermore, long distance commuters  intentions descend by an average of 0.33 compared to short 
distance group . 
 
(a) Gender-Related 
 
(b) Commuting time-Related 
Figure 2 Cross Analysis of Gender and Commuting time 
From the study above, it can be known that female and short distance private car commuters are more willing 
to switch to public transit even though they are private car commuters at present. Hence, in order to attract 
commuters to switch private car to public transit, the target population should be female and short distance 
traveler. 
4.2. Difference-Importance Analysis 
The more the satisfaction difference is, the higher the need to improve the inferior mode is. Hence, it can be 
known from satisfaction differences that which attributes are good enough and which attributes should be 
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improved. At the same time, if an attribute has a higher importance degree, and commuters are satisfied with this 
attribute of a transportation mode, the possibility for commuters to choose this transportation mode would 
definitely higher. The improvements aiming at attributes with higher importance degrees would get a better 
return. 
 
Accordingly, when an index positively combines satisfaction difference with importance of an attribute 
together, the high quantity improvement of this index would mean that this attribute needs improvement and the 
improvement will be worthy. This study proposed a Difference-Importance (DI) analysis to express this index: 
DI=[Difference Importance] 
Where: Difference=satisfaction difference of one attribute (private car minus public transit) 
Importance=importance of the same attribute 
 
Public transit policy makers often have to decide the timetable and the degree of effort to improve the 
attributes of transit, or evaluate the relative priority of measures when they intend to switch private car to transit. 
When time, funds, and effort are limited, this decision is especially important. Difference-Importance (DI) 
analysis can solve this problem. When the DI rating is high, this attribute should take a preference order and 
receive a great effort. 
 
The results of DI analysis of Shanghai s public transit are shown in Table 7. The DI index of comfort, 
timeliness, reliability and convenience is higher than zero. As for reliability and convenience, they are very 
important but the satisfaction difference is small, their DI values are low. Hence, there is no need to improve 
reliability and convenience of transit right now. Meanwhile, because transit s relaxation, cost, and security are 
good enough, there is no need to improve these attributes at present. 
 
Though the importance degree of comfort is not the highest, its satisfaction difference is much greater than 
other attributes , so the DI rating is highest. As a result, in the view of private car commuters, comfort level may 
be the biggest weakness of transit system. In order to attract private car commuters, comfort level needs the 
maximum improvement and the effect significantly more than other attributes. Since the load factor, air 
conditioning and cleanliness of bus interior and exterior, and the availability of shelter and benches at bus stop 
 level (Laura & Gabriella 2011; Wang et al. 2012), the 
improvement on these issues will be valued. 
 
Timeliness is very important for mode choice and the difference between these two systems ranks only second 
to comfort, so measures should be adopted to reduce travel time, such as bus priority lanes, bus priority at 
signalized intersections and increase transit frequency. 
Table 7 Result of DI Analysis 
Attribute Satisfaction Difference Importance DI value 
Comfort 0.924 3.90 3.60 
Timeliness 0.386 4.39 1.69 
Reliability 0.089 4.30 0.38 
Convenience 0.072 4.47 0.32 
Relaxation -0.937 3.69 -3.46 
Cost -0.327 3.38 -1.11 
Security -0.075 4.24 -0.32 
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5. CONCLUSIONS 
The commuters  satisfaction on public transit and private car is neutral as a whole. The best services provided 
by public transit and by private car are relaxation and comfort level. The responders think that transit is seriously 
in short of comfort level, and private car lacks relaxation most. Meanwhile, they don t think that the reliability, 
convenience and security of private car and public transit are different. 
 
In general, private car commuters consider convenience, timeliness and reliability as three most important 
attributes during commuting. The reason why private car commuters choose private cat is that it can provide 
service which they deem very important. In detail, private car could provide shorter time (the second important 
one) and more comfortable travel (the fifth important one). However, public transit could only provide more 
relaxation (the sixth important one) and cheaper cost (the seventh important one). 
 
Finally, the target population should be female and short distance private car commutersin order to let 
commuters switch private car to transit. Public transit policy makers should take measures to improve transit s 
comfort level and timeliness. 
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